Summary. Serum C-peptide, insulin-binding IgG and total insulin (IRI) were determined in 96 juvenile diabetics aged 4-21 years, with onset of diabetes at the age of 1-16 years and with 2-17 years' duration of diabetes. Thirty-four patients (35.4%) had detectable levels of C-peptide (2 0.04 pmol/ml). Compared to non-diabetic adults, 19 had values below the normal range, 12 showed values within the normal range (0.18-0.63 pmol/ml)and 3 rated above normal. There was a negative correlation between the fasting C-peptide concentration and the degree of ketonuria at the onset of diabetes and a positive correlation between C-peptide levels and the incidence of postinitial remission periods. Patients without detectable C-peptide had significantly higher levels of insulin antibodies than those who had detectable levels of C-peptide. The possibility of a relationship between the intensity of the initial treatment of diabetes and the preservation of the B-cell function is discussed, as well as the possibility of insulin antibodies being a cause of B-cell exhaustion.
Insulin and C-peptide are secreted from the B-cell in equimolar amounts [11, 13] and C-peptide has therefore been used as a measure of endogenous insulin secretion in insulin treated diabetics [2, 12] . It is generally assumed that in most cases of juvenile diabetes mellitus the function of the B-cell is either drastically reduced or totally absent shortly after the onset of the disease and the initiation of insulin therapy. However, measurable amounts of C-peptide have been found in insulin requiring maturity-onset diabetics [1] as well as in insulin-treated cases of juvenile diabetes of short duration [7, 12] . The aim of this study was to determine C-peptide levels in a group of insulin-treated juvenile diabetics who had had diabetes for at least two years and to analyze the correlations between C-peptide and insulin antibody levels and also between C-peptide and certain clinical parameters, such as age at onset and duration of diabetes, duration of ketonuria at onset of diabetes, and the incidence of post-initial remission periods.
Material and Methods

Patients
The study comprised 96 juvenile diabetics aged 4-21 years. Their age at the onset of diabetes varied between 1 and 16 years (Table 1 ) and the duration of diabetes and of insulin treatment varied from 2 to 17 years (Table 2) . At the time of diagnosis, 82 patients (85.4%) had ketonuria but none became unconscious. No patient was in a post-initial remission period at the time of blood sampling for C-peptide and insulin antibodies. All the patients presented at the diabetic clinic of the paediatric department regularly 4-8 times a year. Treatment at this clinic aims at clinical well-being, absence of diabetic symptoms, normal growth and development and the best possible normalization of the metabolic state. The patients are instructed to test their urine three times a day by the Clinitest 2-drop method and to record the results in a diary shown to the doctor at each visit to the hospital. The treatment consists of insulin, a well balanced diet and regular physical exercise. As a rule, the patients were given a single daily dose of long-acting insulin (NPH or Lente) during the first few years following diagnosis, but when this regimen failed to maintain satisfactory control (this usually coincided with the first signs of Table 5 . C-peptide in relation to some clinical variables C-peptide (pmol/ml) puberty), the insulin therapy was changed to twice daily injections, including the addition of a short-acting or an intermediate-acting insulin (Actrapid, Semilente). None of the patients had been treated with the MC (monocomponent) or the RI (rare irnmunogenic) type of insulin. At the time of the C-peptide determinations, 55 patients (57.3%) were on single-daily insulin treatment and 41 patients (42.7 %) were receiving twice-daily injections. The insulin doses are shown in Table 3 .
Blood was drawn from the fasting patients prior to their moming insulin injection. Serum was stored at -18 ~ C. The binding of insulin to IgG was determined by the method of Christiansen [3] and total immunoreactive insulin, IRI, was determined after acid extraction of serum according to Heding [10] . Human C-peptide was determined by a specific radioimmunoassay in which proinsulin was removed by binding to insulin antibodies covalently coupled to Sepharose [11] . Since most of the serum contained insulin antibodies, which have been shown to bind human proinsulin, the serum was extracted at a low pH in the same way as described for total IRI [10] before determining C-pepfide. The amount of added Sepharosecoupled insulin antibodies (binding capacity normally 1 mU) was in surplus of the IRI in the samples. Thus total IRI was determined prior to addition of the Sepharose-antibodies. In sera containing > 10 ng/ml of iRI the amount of Sepharose antibodies was increased as described in [11] . The recovery of C-peptide was about 90% and the results corrected accordingly. Fasting blood glucose was determined by the hexokinase method [20] in the same blood samples as those drawn for the radioimmunoassay. The clinical data were taken from the patient records. Early remission periods were classified as Type I: a period during which more than 95% of urine tests at home and/or at the hospital showed less than 1% glycosuria and the daily insulin requirement was less than 0. (Table 4 ). Fasting C-peptide level in non-diabetic children and adolescents comparable to the examined diabetics with regard to age, weight and sex had almost the same range (0.22-0.73 pmol/ml) [14] . Of the 34 children with detectable C-peptide, 31 had fasting hyperglycaemia (> 5.8 mmol/1) at the time of blood sampling, while the remaining three had blood glucose levels of 4.7, 4.3 and 4.2 mmol/1. There was no significant correlation between C-peptide and fasting blood glucose ( Table 5 ). The onset of diabetes had occurred at a later age in children with measurable C-peptide levels ( Fig. 1 and Table 5 ) and their diabetes was of shorter duration compared with the children without C-peptide ( Fig. 2 and Table 5 ). The number of patients who had ketonuria at the onset of the disease was similar in the patients with and those without C-peptide, but the duration of initial ketonuria was longer in those without measurable C-peptide (Table 5 ). Early remission periods were more frequent and of longer duration in patients with C-peptide (Table 5 ). High levels of insufin antibodies determined as insulin binding capacity of IgG, but also represented by the level of total IRI [10] , were more often found in patients without Table 6 . Relationship between C-peptide and insulin antibodies measured as IgG and IRI C-peptide (pmol/ml) < 0.04 = 0.04 n % n % IgG(mU/ml) < 0.300 (Table 6 ). This was particularly evident in the case of IgG.
Discussion
It has been assumed that insulin requiring juvenile diabetics have no residual insulin production shortly after the beginning of treatment (5, 15) . However, the results of this study reveal that 34 (35.4%) out of 96 cases of early-onset juvenile diabetes of over two years' duration, i.e. beyond the termination of any remission periods, showed measurable amounts of Cpeptide in their serum, which suggests that there was some residual B-cell function. The C-peptide levels in 15 patients (15.6%) were within or above the range normal for non-diabetic adults. There are several possible explanations why these patients are insulin dependent despite the endogenous insulin production. It is possible that the fasting level of C-peptide reflects only the basal function of the B-cell. Thus these patients may be unable to release additional insulin in response to meals and glucose stimulation [17] . It is also possible that the measured C-peptide does not reflect biologically active insulin [6] or that the level of endogenous insulin production is not high enough to maintain normoglycaemia because of an elevated glucagon level [19] . In milder forms of maturity-onset diabetes there is a similar residual B-cell function. The positive relationship found in this study between the age at onset and the level of C-peptide suggests that there is no sharp distriction between juvenile-onset and maturity onset diabetes. This is in agreement with the occurrence of chemical diabetes seen in adolescent children [4] . For the purpose of this study, remission was defined as a period devoid of or showing but a minimum of glycosuria and, hence, a period of nearly constant normoglycaemia. Patients with such remission had higher levels of C-peptide than those without. A relationship was also established between prolonged ketonuria at onset and the absence of C-peptide later on. These differences between the groups could depend either on the severity of the disease at onset or on the type of the initial treatment. Rapid normalization of the blood sugar and ketosis may serve to preserve some B-cell function.
High levels of insulin antibodies were correlated with the absence of measurable C-peptide. This relationship may indicate anegative effect of insulin antibodies on the B-cell function, as it has been shown that insulin antibodies cause degranulation of the B-cells [16, 18] . Human proinsulin bound to insulin antibodies has been found in insulin treated diabetics [9] . The constant depletion of insulin and proinsulin may enhance the exhaustion of the B:cells. As some insulin preparations more than others may cause the production of insulin antibodies, it seems reasonable to use insulin with as low immunogenicity as possible.
